In the context of the Arctic amplification of climate change affecting the regional atmospheric hydrological cycle, it is crucial to characterize the present-day's moisture sources of the Arctic. The isotopic composition is an important tool to enhance our understanding of the drivers of the hydrological cycle, due to the different molecular characteristics of water stable isotopes during phase change. This study introduces two years of continuous in situ water vapour and precipitation isotopic observations conducted since July 2015 in the east-Siberian Lena delta, at the research station on the Samoylov Island. The vapour isotopic signals are dominated by variations at the seasonal and synoptic time scales. Diurnal variations of the vapour isotopic signals are masked by synoptic variations, indicating low variations of the amplitude of local sources at the diurnal scale in winter, summer and autumn. Low amplitude diurnal variations in spring may indicate exchange of moisture between the atmosphere and the snow-covered surface. Moisture sources diagnostics based on semi-Lagrangian backward trajectories reveal that different air mass origins have contrasted contributions to the moisture budget of the Lena delta region. At the seasonal scale, the distance from the net moisture sources to the arrival site strongly varies. During the coldest months, no contribution from local secondary evaporation is observed. Variations of the vapour isotopic composition during the cold season on synoptic time scale are strongly related to moisture source regions and variations in the atmospheric transport: warm and isotopically-enriched moist air is linked with fast transport from the Atlantic sector; while dry and cold air with isotopically-depleted moisture is generally associated to air masses moving slowly over northern Eurasia. 5 10 15 20 25 30 https://doi.
Introduction
The amplitude of climate change in Arctic regions is likely to affect the atmospheric hydrological cycle, as sea ice is retreating and the temperatures are increasing, modifying the sources of evaporation and the saturation vapour pressure of the atmosphere. However, changes in evapotranspiration of Arctic regions during recent decades are poorly known, so far (Vihma et al., 2015) .
More recently, continuous water vapour isotopic observations have been conducted in western Russia, at the Kourovka observatory Gribanov et al., 2014) and at Labytnangy (Konstantin Gribanov and Jean Jouzel, personal communication) . Observations from the Kourovka station depicted seasonal and synoptic variations as well as strong diurnal variations in summer on the first and second order vapour isotopic signals. To explain the lack of relationship between vapour isotopic signal and meteorological parameters (humidity and temperature) in summer, a strong contribution of continental recycling and local evapotranspiration has been suggested . These observations were also used to test the ability of an isotope-enabled Atmosphere General Circulation Model to reproduce the water vapour isotopic composition and have shown an excellent correlation between simulation and water vapour ẟ 2 H values measured at the surface .
In this study, we focus on water vapour isotopic observations continuously performed from July 2015 to June 2017 at the research station on Samoylov Island in Lena delta (72°22' N, 126°29' E), in the Russian Arctic. This station is at higher latitude and much further east than the Kourovka and Labytnangy stations and will therefore be more representative of an Arctic continental climate. We assess the variations of water vapour isotopic composition at different time scales, from the seasonal to the synoptic and diurnal scales, and relate them with the variations of local meteorological parameters. In order to interpret these variations in a larger regional context, we use atmospheric transport simulations together with moisture source diagnostics. These simulations help to identify the main moisture advection regimes of the region and decipher the imprint of local versus remote moisture sources on the locally observed water vapour isotopic composition.
Method

Area of the study
The observations presented in this study have been conducted at the northeastern Siberian research station on the Samoylov Island (72°22'N, 126°29'E), in the Lena river delta, extending over 150 km into the Laptev Sea. The island consists on its western part of a flood plain and on its eastern part of a Holocene terrace characterised by polygonal tundra and larger waterbodies. With a mean annual temperature below -12 °C, minimum winter air temperatures below -45 °C and summer air temperatures that can exceed 25 °C, the region has a typical Arctic continental climate (Boike et al., , 2019a . Average annual rainfall is about 169 mm. The winter snow cover is thin (~0.3 m), with a maximum recorded of about 0.8 m in 2017.
The snow accumulation starts in late September and all the snow cover completely melts over a few days in early June.
Permafrost underlays the study area to depths between 400 and 600 m (Grigoriev, 1960) , and the rate of permafrost temperature warming at the zero annual amplitude niveau (ZAA) is one of the highest recorded (Biskaborn et al., 2019) . The active layer thawing period starts the end of May and active layer thickness reaches a maximum at the end of August/beginning of September.
Meteorological observations
We used meteorological records from the Samoylov Island available from the PANGAEA database (Boike et al., 2019b) , conducted as part of a study focusing on the influence of meteorological parameters on the local permafrost evolution (Boike et al., 2019a) . The temporal resolution of this dataset in our period of interest is 30 minutes. The meteorological parameters were measured at an approximate distance of 200 m eastward from our water isotopic observations. Here, we use the following parameters always measured above the snow cover: relative humidity (RH, expressed in %) and air temperature (expressed in °C), measured at 2 m above ground level; wind speed and wind direction (expressed in m s-1 and °), measured at 3 m above ground level.
ẟ-notation for water isotopic compositions and d-excess
Isotopic compositions of samples are expressed as ẟ 18 O and ẟ 2 H in permille unit (‰) . ẟ values are defined as (Craig, 1961) :
where ẟ can be either ẟ 18 (Coplen, 2011) .
We calculated the deuterium excess, noted d-excess using its classical definition (Dansgaard, 1964) :
Water isotopic observations (vapour and precipitation)
A Cavity Ring Down Spectrometer (CRDS) has been installed in July 2015 at the Samoylov station in order to continuously record the near surface water vapour isotopic composition at an approximate 1 Hz frequency. The analyser is placed inside a heated container and the ambient air inlet is located at 5 m above the ground level, above the roof of the container. The inlet tube (1/4 inches diameter stainless steel tube of approximately 4 m length) is constantly heated at around 50°C. Following the recommendations for long-term calibration of CRDS water vapour isotopic analysers (Bailey et al., 2015) , a custommade calibration system allows the automatic correction of (i) the concentration-dependence of the isotopic measurements as a function of the humidity level and (ii) the deviation from the Vienna Standard Mean Ocean Water (VSMOW2) (Coplen, 2011 ) scale on a daily basis. The system includes a custom-made vaporizer system(as described in Bonne et al., 2019) allowing the measurement of four different water isotopic standards, and a bubbler system (similar to the one described in Technical difficulties linked with the extreme cold and dry conditions during winter and the remote location of the station lead to some periods of missing data. Modifications of the instrumental setup and calibration procedure during the successive maintenance expeditions allowed to progressively enhance the precision of the measurements.
Water isotopic composition of event-based precipitation samples and calculation of equilibrium vapour isotopic composition
Event-based precipitation samples retrieved over the period of the study have been measured for their water isotopic composition in the stable isotope laboratory of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine
Research, in Potsdam. Isotope ratios were determined by isotope ratio mass spectrometry using a Finnigan MAT Delta-S mass spectrometer, applying the equilibration technique (Meyer et al., 2000) . The measurement accuracy is better than 0.1 ‰ for δ 18 Op and 0.8 ‰ for δ 2 Hp (Meyer et al., 2000) . We note ẟ 18 Op, ẟ 2 Hp and d-excessp the isotopic values of precipitation.
To compare the vapour and precipitation isotopic dataset, we calculate the isotopic composition of a theoretical water vapour at equilibrium with the precipitation, from the measured δ 18 Op and δ 2 Hp values. We use the αeq equilibrium fractionation coefficients between liquid (solid) and vapour for air temperatures above (below) the freezing point (Majoube, 1971a (Majoube, , 1971b Merlivat and Nief, 1967) . For each precipitation sample, with an isotopic ratio denoted R P , the theoretical isotopic ratio of vapour, denoted RV, is given by R V = R P /αeq.
Selection of synoptic extrema from meteorological and vapour isotopic parameters
We identify the extrema occurring at a synoptic time scale for a set of parameters based on the daily averaged dataset:
temperature, logarithm of the specific humidity, ẟ 18 Ov and d-excessv. We use the logarithm of specific humidity for comparability regarding its logarithmic relationship with temperature (Clausius-Clapeyron relationship). For each parameter, we compute the distances of the daily values to a 60-days running average and identify the extrema as the first and last deciles of this dataset (low and high extrema, respectively). As some data gaps exist at different periods for the temperature, specific humidity and the isotopic parameters, we use only data with simultaneously valid measurements for all parameters to be certain that the selection of the events for all the parameters cannot be affected by different sampling times.
Sea ice cover data
The sea ice coverage within the 500 km area surrounding the station has been derived from ERA-interim reanalyses (Dee et al., 2011) at 0.75° × 0.75° spatial and 6-h temporal resolution. Results are shown as a proportion of sea ice covered surface compared to the surface of the surrounding 500 km area. As this area includes grid cells covered by land, the maximum value is lower than 1.
Moisture source diagnostics
The origin of the moisture arriving at our research area is estimated using a moisture source diagnostics method (Sodemann et al., 2008) based on semi-Lagrangian simulations of air masses transport with the model FLEXPART version 8.1 (Stohl et al., 2005) . Meteorological fields from the ECMWF ERA-interim dataset (Dee et al., 2011) From the air mass trajectory simulations, without considering the transport of moisture yet, we calculate the parameter "trajectories locations", as the summed number of air masses passing within each grid cell over all time steps. This parameter is representative of the location of transported air masses.
As different air masses can carry various amounts of moisture, a complementary calculation is conducted to properly evaluate the atmospheric transport of moisture: this moisture source diagnostics consists of interpreting the increase or decrease of the moisture content of air masses between different successive time steps along their trajectories respectively as an input or output of moisture contributing to the total moisture at the end of the trajectories. The contribution of every single air mass in terms of input and output of moisture is summed over all model output grid cells. Different parameters are estimated over this grid. The parameter "moisture uptake" (expressed in mm/day) represents the amount of moisture injected to the air masses within each grid cell. Moisture uptakes are interpreted as evaporation, transpiration or sublimation at the surface when the air masses are below an altitude equal to 1.5 times the boundary layer height. Moisture uptakes are interpreted as the result of mixing of different air masses or reevaporation of falling precipitation when the air masses are above this threshold, therefore within the free troposphere (Dütsch et al., 2017) . Therefore, the parameters "boundary layer moisture uptake" and "free troposphere moisture uptake" are presented separately. The parameter "evaporation minus 6 150 155 160 165 170 precipitation" (expressed in mm/day) represents the sum of the differences between the moisture uptakes and moisture losses of all particles occurring in each grid cell.
Results
Ranges of variations of isotopic and meteorological dataset
Over the observational period (2015-07-01 to 2017-07-01), the dataset comprises a total of 2395 water vapour isotopic values, at a 6-hours resolution. All observed parameters, presented in Figure 1 , are characterized by variations at the interannual, seasonal, synoptic and eventually diurnal timescales.
For temperature and specific humidity distributions, the amplitude of seasonal variations is larger than the amplitude of synoptic variations ( Figure 1 ). The complete observation period presents averages of specific humidity and temperature of 2.4 g kg -1 and -11 °C (Table 1) . Minimal and maximal temperatures reach -41.1 °C and +21.5 °C, respectively (Table 1) .
This two-years period is not exceptional, as observations over 16-years on this site have recorded temperature extremes below -45 °C and above +25 °C, with an average mean annual temperature of -12 °C (Boike et al., 2019a) , close to the average on our observational period. Specific humidity values reach extremely dry values in winter, down to 0.06 g kg -1 , and maximum values in summer up to 12 g kg -1 . A non-linear distribution between air temperature and specific humidity is observed ( Figure 2b ), as expected from the Clausius-Clapeyron relationship. Relative humidity values vary between 40% and 102%, with a mean value of 84% (Table 1) For ẟ 18 Ov and ẟ 2 Hv, some episodes of winter synoptic variations reach almost the amplitude of the seasonal cycle, while the d-excessv signal is predominated by synoptic variations (Figure 1 ). The vapour ẟ 18 Ov, ẟ 2 Hv and d-excessv have averaged values over the complete dataset of respectively -36.9‰, -270‰ and 24.6‰ (Table 1) . Water vapour isotopic composition minima and maxima are -53.2‰ and -20.9‰ for ẟ 18 Ov, -382‰ and -155‰ for ẟ 2 Hv and 3‰ and +62‰ for d-excessv. At Samoylov, the ẟ 18 Ov and ẟ 2 Hv are overall strongly correlated, with the following empirical relationship: (Figure 2 .a). This slope is a little lower than the slope of 7.5 obtained from observations at the Kourovka observatory in western Siberia (Table 1) . The difference between vapour and precipitation is stable throughout all seasons for ẟ-values, but is varying between seasons for the d-excess with higher gaps in spring (maximum gap) and winter than in summer (minimum gap) and autumn. Precipitation samples have on average 14.5‰ lower d-excess values than vapour in summer and 28.5‰ lower d-excess values in spring, as shown in Table 1 . The minima of specific humidity are associated with the lowest ẟ 18 Ov and ẟ 2 Hv and the highest d-excessv values, comparable to vapour observations performed on the East Antarctic Plateau in summer (Casado et al., 2016; Ritter et al., 2016) . This could indicate a strong isotopic depletion during long-range atmospheric transport from the moisture sources to the location of the observations, or recycling of moisture with sublimation over the surrounding snow-covered areas (Pang et al., 2019) .
Significant interannual variations
Such high d-excessv values do not only reflect kinetic fractionation processes, but are also partly due to the variations of the ẟ 18 Ov to ẟ 2 Hv relationship during equilibrium fractionation at very low temperatures (Dütsch et al., 2017) .
There is a linear relationship between ẟ 18 Ov and air temperature (with a slope of 0.44‰ °C -1 , R 2 =0.75, p< 0.01, Figure 2. 
Seasonal cycle
A clear average seasonal cycle is observed ( Figure 3 and Table 1) summer compared to winter (ẟ 18 Ov/T slope of 0.45‰ °C -1 considering the monthly averages, R 2 =0.92, p<0.01, Figure 3 and Table 2 ).
A summer peak of temperature and specific humidity is reached in July (monthly averaged values of +8.1°C and 6.1 g/kg).
Significantly colder and drier specific humidity conditions are already measured in September (about +3.6°C and 4.6 g/kg lower https://doi.org/10.5194/acp-2019-942 Preprint. Discussion started: 6 January 2020 c Author(s) 2020. CC BY 4.0 License.
Synoptic variability
The synoptic variations, responsible for variations in the meteorological and water vapour isotopic signals at time scales from a few hours to a few weeks, are related to large-scale meteorological patterns and allow to investigate the influence of remote moisture sources. In order to distinguish these synoptic variations from potential diurnal variations, we use daily averaged values ( Supplementary Figure 4) . Compared to the seasonal variations, synoptic variations of specific humidity have a large amplitude in summer (on the order of 5 g kg -1 ) but a low amplitude in winter (on the order of 1 to 2 g kg -1 ). In contrast, the synoptic variations of air temperature have a large amplitude in winter (up to 20° C) and a lower amplitude in summer (around 10° C). This is coherent with the Clausius-Clapeyron relationship. Frequent episodes of strong relative humidity variations are observed from one day to the next between June and August (variations from down to 60% to up to 100%). During winter, the variations of relative humidity are slow (variations over several weeks) and of lower amplitude (changes in the order of magnitude of 20%) than these fast summer variations.
Diurnal cycles
We expect diurnal variations of the local evaporation flux to cause diurnal variations of the water vapour isotopic composition. To evaluate the diurnal cycles of meteorological and water isotopic composition, we use datasets averaged at 1hour temporal resolution. Some periods of relatively stable synoptic situation during spring and summer ( wind speed below 5 m.s -1 over 24 hours) clearly show significant variations of temperature and relative humidity on the diurnal time scale. We compute the average diurnal cycle of temperature, specific and relative humidity and vapour isotopic composition for these stable synoptic situation periods over different seasons.
No diurnal cycle is seen in any of the parameters for winter and autumn (not presented), which is the period dominated by the polar night. In summer (see Supplementary Figure 3 ), an average temperature diurnal cycle is found for stable synoptic situation periods with an amplitude of respectively 3°C, which is lower than the typical amplitude of synoptic variations during this season (around 10°C, see Figure 1 and averaged diurnal cycles on Supplementary Figure 3 ). For these periods of stable synoptic condition, the average diurnal variations of specific humidity is not significant in summer compared to the synoptic variability (the amplitude of the mean cycle is lower than the standard deviation).
The observed summer average diurnal cycle of relative humidity observed (average amplitude of 13.4% average amplitude)
is probably due to the diurnal variations of temperature which are not followed by any diurnal variations of the specific humidity. As for the specific humidity signal, there are no significant average diurnal variations of any vapour isotopic signals (ẟ 18 Ov, ẟDv or d-excessv) for neither season. 
Discussion
Temporal variations of the water isotopic composition
Comparing the precipitation and vapour isotopic composition reveals a large offset between the ẟ-values, as well as the dexcess values. To investigate the origin of this offset, we calculate a theoretical vapour isotopic composition from the precipitation samples. Important assumptions are made for this calculation: we consider an equilibrium fractionation between vapour and the condensed phase (liquid or solid for positive or negative temperatures) using the temperature measured at 2 m height at the time of the sampling. The calculated theoretical vapour ẟ 18 O and ẟ 2 H (ẟ 18 Ov,th and ẟ 2 Hv,th) agree with the measured ẟ 18 Ov and ẟ 2 Hv during summer, spring and autumn (Figure 1) . The calculated theoretical and measured summer and autumn d-excess values also match, showing that precipitation is in equilibrium with vapour during these seasons (Figure 1 ). However, large discrepancies remain between the winter and spring calculated theoretical and measured vapour d-excess signals (Figure 1) , indicating either that the precipitation formed from a different moisture source than the measured vapour at the surface, and/or that kinetic fractionation occurs during the formation of precipitation during this period, as expected from the theory of snow crystal formation under supersaturation (Jouzel and Merlivat, 1984) .
The absence of a significant diurnal cycle in specific humidity and water vapour isotopic composition at our site in summer differs from observations at the more southerly located western Siberia station Kourovka , where the summer signal is dominated by the diurnal cycle, which has been attributed to a strong contribution of the local evapotranspiration to the moisture budget. The absence of a clear diurnal cycle at the Samoylov site also differs from other high latitude polar locations, like the interior of Greenland and Antarctica, where strong diurnal cycles have been recorded during summer (Casado et al., 2016; Ritter et al., 2016; Steen-Larsen et al., 2014) and attributed to exchange processes between the vapour and the snow-covered surface, which is not the case for our site, where the surrounding area consists of vegetated areas, small lakes and the rivers network of the Lena delta in summer. The diurnal temperature variations at Samoylov are also small compared to observations at Kourovka. Thus, a tentative explanation for the absence of a diurnal cycle of specific humidity and vapour isotopic values at Samoylov might be that the diurnal variations of incoming radiations are insufficient in summer to drive significant variations of the evapotranspiration. However, this explanation is in contradiction to the results of Eddy-covariance observations performed on the Samoylov Island (Helbig et al., 2013) , which revealed maxima of evapotranspiration concomitant with peaks of net radiation in June. Another explanation could also be that the isotopic signal of the evaporated flux is too similar to the boundary layer water vapour isotopic signal to cause a significant diurnal isotopic variation even in case of significant evaporation. Altogether, the diurnal cycles of the boundary layer specific humidity and its isotopic composition, which are too small to be identified among the variabilities linked with the synoptic activity, are not the appropriate parameter to evaluate the impact of local evaporation at our site. 
Moisture sources variations at the seasonal scale
Changes of the moisture sources can affect water stable isotopic composition. Firstly, due to the link between temperature difference and spatial transport: the longer the moisture has been transported from the evaporation source, the more distillation an air mass might have undergone on the way. Secondly, the meteorological conditions at which the evaporation takes place will influence the isotopic composition of the initial vapour. Finally, different (primary and secondary) evaporation sources can have different isotopic signals. We focus here on the seasonal changes of the moisture sources from the averaged outputs of the semi-Lagrangian backward trajectories simulation and moisture source diagnostics over different seasons (Figures 5, 6) .
The overall amount of evaporation is strongly season-dependent ( Figure 5 ), which reflects in the seasonality of the specific humidity measured at our site. During the winter months (December, January, February; DJF), the area with the highest moisture uptakes is situated above the Barents and Norwegian Seas (Figure 5 Siberia, contrary to winter. The main moisture uptake is located along the northern part of the Lena river basin. Minor oceanic sources are also revealed in some areas of the Arctic Ocean (Figure 5.d) . In spring, only parts of the Barents and Norwegian Seas depict moisture uptake, while it is also the case for the Laptev, Kara and East Siberian Seas in autumn ( Figure 5.b) , which is coherent with the sea ice covering these last regions in spring, preventing oceanic evaporation, but not during the first autumn months. In summer (June, July, August; JJA), more air masses originate from the western Arctic
Ocean than in winter. Despite the large ice-free surface in the Arctic during summer, the moisture uptake remains very low over the Arctic Ocean compared to the evapotranspiration taking place locally over the continent (Figure 5.c) . The most predominant moisture uptake occurs locally above continental areas, mainly southwest of our site ( Figure 5 .c). Local vegetation, lakes, ponds and rivers are the potential sources of evapotranspiration which can generate such regional moisture uptake in summer (due to the absence of snow and ice covers in this season).
For all seasons, the average difference between evaporation and precipitation shows a general pattern of dominant precipitation at high latitudes and dominant evaporation at low latitudes ( Figure 6) . The limit at which the precipitation prevails over evaporation is different for continental and oceanic regions. It is relatively stable around 50°N above the ocean, but its latitude varies from 60°N in summer and 45°N in winter over the continent (Figure 6) . At our site, precipitation is always predominant over evaporation at any season.
The local moisture uptake in the region surrounding the station in particular in summer can, however, contribute to the water vapour isotopic signal, even if evaporation is lower than precipitation. Local evapotranspiration sources exist in summer, of maximum value: 80, 40, 20, 10, 5, 2, 1 and 0%) . 
Seasonal versus synoptic variabilities and water vapour isotopic composition
Influence of the wind origin
To evaluate the impact of these seasonal moisture origin changes on the water vapour isotopic composition, we focus in this section on the statistical distribution of specific humidity and isotopes as a function of the wind direction observed at our site ( Figure 7) .
The summer season (JJA) presents a relatively homogeneous wind distribution: winds from all sectors represent between 4.3 and 8.6% of the observations (Figure 7) . No wind sector is exclusively associated to a single range of specific humidity or water vapour isotopic values, but the frequencies of occurrences for these values still vary with the wind direction. However, the highest values of specific humidity originate from the south-south-east, thus along the Lena river basin (Figure 7 .a). The most enriched ẟ 18 Ov values and the lowest d-excessv values derive from a wide range of western sectors, while a higher proportion of depleted ẟ 18 Ov values and the highest d-excessv values are associated with air masses originating from the east (Figure 7.b,c) . This provides a potential way to differentiate between the moisture sources originating from the Atlantic and the Pacific sectors.
We investigate the coldest months, from December to April (DJFAM), as they are the relevant months to contribute to the interpretation of the paleoclimate data retrieved from ice wedges in our research area. Contrary to the summer period, the cold months wind distribution exhibits a strongly predominant situation, with most winds originating from the south-southeast (20.6%) and the south sectors (16.3%) i.e. along the orographic barrier of the Verkhoyansk mountains. As for the summer season, all wind sectors present similar ranges of specific humidity and water vapour isotopic composition, but with different distributions. The south and south-south-east sectors are associated with a stronger proportion of very dry air (between 0.1 and 0.6 g/kg, Figure 7 .d), and of the isotopically most depleted vapour (ẟ 18 Ov below -45.7‰, Figure 6 .e), compared to the other sectors. These very low ẟ 18 Ov values associated with air masses originating from the continent are consistent with the absence of moisture uptakes above a large part of the continent during this period ( Figure 6 ). These air masses therefore undergo a strong isotopic distillation above the continent before reaching our site. For the air masses originating from the south-west, north-west or north-east, some significantly closer moisture sources can contribute to the isotopic composition of air masses (significant moisture uptakes exist in the north Atlantic and North Pacific sectors, as depicted on Figure 6 ). This is reflected in a higher proportion of high ẟ 18 Ov values for these wind sectors, compared to the air masses originating from the south and south-south-east sectors. The most enriched air masses (ẟ 18 Ov above -30.7‰) originate from the North-West sector (Figure 7 
Influence of the moisture source
As previously described, notable differences of water vapour isotopic composition exist between wind sectors during the winter season, in particular for the extreme high and low ẟ 18 Ov values. As the local wind direction only provides information on the final step of air masses transport, we further investigate the outputs of the moisture sources diagnostics associated with synoptic events of extreme isotopic values.
For the coldest months (December to April), a selection of extreme values based on the distance to a 60-days running average for temperature, the logarithm of specific humidity, ẟ 18 Ov and d-excessv shows strong similarities for the different parameters considered (Figure 8 and Supplementary Tables 1 and 2 usually selected for all parameters, the associated average moisture source diagnostics are very similar for all parameters (Figure 9 ).
The first transport pattern (Figure 9.b,d,f,h) , characterized by high temperature, specific humidity and ẟ 18 Ov but low dexcessv, is associated with long-range transport of air masses originating from the west. Air masses originate from Northwestern Eurasia, up to the Lena river on the eastern limit, and from the southwestern Arctic Ocean. Precipitation is stronger than evaporation above the northernmost sectors of western Eurasia and over a large part of the Arctic Ocean. However, evaporation is stronger than precipitation over the northern European seas (North, Norwegian, Barents and Baltic Seas) and
for continental areas located up to 60°N. The fast transport of air masses with only moderate precipitation brings moisture from the sources to our site with relatively high ẟ 18 Ov values for this season.
The second pattern (Figure 9 .a,c,e,g), characterised by low temperature, specific humidity and ẟ 18 Ov but high d-excessv, is associated with more local air masses, predominantly originating from the east. Precipitation is stronger than evaporation over whole Northern Eurasia as well as all polar and sub-polar Oceans. Evaporation is only dominant in very remote locations, like the subtropical North Pacific Ocean and the mid-latitudinal Atlantic Ocean. The moisture sources are therefore much more distant for this pattern than for the opposite pattern and the isotopic distillation can be much stronger, therefore the ẟ 18 Ov values associated to these atmospheric transport patterns are lower.
The first pattern of high temperature in winter previously described presents some similarities with the average summer situation, such as a predominance of air masses originating from the west. If the limit of net evaporation compared to precipitation is situated at higher latitudes for the high temperatures pattern than for the low temperatures pattern, there are still fewer net sources of evaporation over the continent than in summer. : 80, 40, 20, 10, 5, 2, 1 and 0%) This study presents two years of in situ continuous water vapour isotopic observations in the Siberian Arctic on the Samoylov Island in the Lena river delta, starting in July 2015.
This new dataset provides information about the moisture isotopic composition which are complementary to the precipitation samples isotopic composition, as they also provide information for dry periods when no precipitation falls. It also allows comparing the water isotopic composition in both phases and distinguish periods when precipitation and vapour are at equilibrium (in summer and autumn) or out of equilibrium (during winter and spring). This comparison therefore highlights the kinetic fractionation processes occurring during the formation of snow in the cold periods.
The water vapour isotope dynamics is dominated by seasonal and synoptic variations. During the coldest months, the observed humidity and water vapour isotopic composition are comparable to summer observations on the East Antarctic plateau. The diversity of isotopic signals associated with long-range transported moisture from various remote origins has a strong imprint on the vapour isotopic composition observed at the Samoylov station.
In summer, the observed diurnal cycle of temperature has a low amplitude and is not clearly mirrored by diurnal cycles of the specific humidity and vapour isotopic compositions, but overwhelmed by variations linked to synoptic activity. Our data indicate either that the local sources of humidity are not strongly varying at a diurnal scale or that the isotopic signal of a local source is not distinguishable from the remotely transported moisture in this season. The situation is different during spring, when the insolation is strongly varying between day and night and the surface is still covered by snow. During this period, significant diurnal variations of the specific humidity and water vapour isotopic composition are revealed, which indicates moisture exchange processes between the boundary layer atmosphere and the surface, with a potential influence of snow cover sublimation. It is however difficult to independently evaluate the imprints on the vapour isotopic composition of each potential individual local moisture source (vegetated or snow-covered land, open or frozen river, open over sea ice covered Laptev sea), as many changes of the surface cover happen simultaneously within a few weeks at this period, as well as in autumn, and may affect the local hydrological cycle.
Evaluations of the moisture sources, based on semi-Lagrangian backtrajectories simulations, show small but significant changes of air masses origin at the seasonal scale. Depending on the seasons, areas of air masses origins differently contribute to the moisture balance of our study area. In the region surrounding Samoylov station, significant moisture uptake from the surface is found in summer and to a lower extent in spring and autumn, which contributes to the observed vapour isotopic signal, while such local surface moisture uptake is almost inexistent in winter. Despite the local surface moisture uptake, the precipitation predominates over surface moisture uptakes on average for all seasons over the region surrounding our site. Surface moisture uptakes are predominant over precipitation for some remote locations only, over the Atlantic and Pacific Oceans as well as over the Eurasian continent, south of a limit which moves southwards during the cold seasons and northward during the warm seasons. The main moisture sources are therefore generally more distant from our research area in winter than in summer. Our study contributes to an improved knowledge of the variations of water isotopic composition from the seasonal to the synoptic scale in the eastern Arctic continental region. It will help improving the interpretation of water isotopes paleoclimate proxies based on ice wedges retrieved in the region (e.g., Meyer et al., 2015) . It contributes to the understanding of the moisture sources and atmospheric transport processes. It is also a baseline for studies of future changes in the region, as many hydrological changes are expected in the region, in particular with retreating sea ice over the Arctic Ocean, which might trigger more effective contributions from this moisture source and affect the water isotopic composition in vapour and precipitation.
